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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an improved, 
valve operation characteristics variable, system in 
which a valve does not interfere with a piston at 
the top dead center even when a can of a large lift 
is advanced. 

SOLUTION: This valve operation characteristics 
variable system consists of a first system (a first 
valve operation characteristics variable system in 
the embodiment) and a second system (a second 
valve operation characteristics variable system in 
the embodiment). The first system switches 
connection between a valve and a plurality of cams 
11a, 11b, 12 whose lift strokes are different with 
each other so as to change operation characteristics 
of an intake valve or an exhaust valve according to 
engine operating condition. The second system 
varies a phase of an intake camshaft 1 with respect 
to a rotation angle of a crankshaft This valve 
operation characteristics variable system also has a 
cam phase advance angle regulation means (a 
stopper pin 45 and an arc groove 46 in the 
embodiment) to regulate the amount of phase 



advance angle of the intake camshaft when the first 
system is in a high-speed mode. Consequently, 
during the high-speed mode where the valve is 
driven by a large lift can, an advance angle of the 
camshaft is regulated within a range where a piston 
at top dead center does not interfere with the valve. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 ***♦ s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st equipment for switching the relation of the two or more cams and the valve from which the 
amount of lifts differs mutually in order to change the operational characteristic of an inlet valve or an exhaust 
valve according to engine operational status, It is valve-action property adjustable equipment which consists of 
the 2nd equipment for changing the phase of the inhalation-of-air cam shaft to the angle of rotation of a 
crankshaft. Valve-action property adjustable equipment characterized by having a cam phase tooth-lead-angle 
limit means for restricting the amount of phase tooth lead angles of said inhalation-of-air cam shaft when said 
1st equipment is in a fast mode condition. 

[Claim 2] The 1 st equipment as comes to switch the relation of the two or more cams and the valve from which 
the amount of lifts differs mutually with oil pressure in order to change the operational characteristic of an inlet 
valve or an exhaust valve according to engine operational status, It is valve-action property adjustable 
equipment which consists of the 2nd equipment as carries out adjustable [ of the phase of the inhalation-of-air 
cam shaft to the angle of rotation of a crankshaft ] with an actuator and comes to obtain it. While said actuator 
has the annular room divided into a tooth-lead-angle room and a lag room with a vane member Valve-action 
property adjustable equipment characterized by having a stopper means for restricting mechanically the 
movement magnitude by the side of said tooth-lead-angle room of said vane member when said 1 st equipment 
is in a fast mode condition. 

[Claim 3] Said stopper means is valve-action property adjustable equipment according to claim 2 characterized 
by having the member which operates with the oil pressure which operates said 1 st equipment to a fast mode 
side, and common oil pressure. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the valve-action property adjustable equipment to which the 

operational characteristic of an inlet valve is changed according to engine operational status. 

[0002] 

[Description of the Prior Art] The technique in which it raises engine output characteristics over a larger 
operating range is variously proposed by changing the relation (valve timing) between the stage when a piston 
reaches a top dead center, and the stage which a valve begins to open according to rotational speed. 
[0003] While preparing two or more cams from which whenever [ open angle ], and the amount of lifts differ 
mutually on a common cam shaft as such a technique It supports rotatable. two or more rocker arms which were 
equivalent to each cam in order to transmit the profile of each cam to a valve — a common rocker shaft top — 
relativity — By switching the cam which chooses connection and un-connecting between the rocker arms of 
these plurality, and drives a valve The technique (refer to JP,5-10161 ,A) to which it was made to change 
continuously the phase between a technique (to refer to JP,63-106310,A), and the crankshaft and cam shaft to 
which it was made to change valve timing and the amount of lifts gradually is already well-known. Moreover, 
what combined these both is well-known by JP,5-43847,B. 
[0004] 

[Problem(s) to be Solved by the Invention] however, when the tooth lead angle of the cam shaft with which two 
or more cams from which the amount of lifts differs mutually were prepared is made possible, in the field which 
drives a valve by the cam of a small lift Even if it brings forward the stage when the tooth lead angle of the cam 
phase is carried out at, and a valve begins to open it, a valve does not interfere in the piston of a top dead center, 
but (refer to drawing 12 ) if the same include-angle tooth lead angle of the cam of a large lift is carried out to the 
cam of a small lift, the field where a valve interferes in the piston of a top dead center will come out (refer to 
drawing 13 ). 

[0005] This invention is thought out so that it may cancel the trouble of such a conventional technique, and the 
main purpose is in offering the valve-action property adjustable equipment improved so that a valve might not 
interfere in the piston of a top dead center, also when carrying out the tooth lead angle of the cam of a large lift. 
[0006] 

[Means for Solving the Problem] In order to achieve such a purpose, it sets to this invention. In order to change 
the operational characteristic of an inlet valve 2 or an exhaust valve 3 according to the operational status of 
Engine E The 1st equipment for switching the relation of two or more cam 11a and lib, 12, and valves from 
which the amount of lifts differs mutually (the 1st valve-action property adjustable equipment 5 in the gestalt of 
operation), The valve-action property adjustable equipment which consists of the 2nd equipment (the 2nd valve- 
action property adjustable equipment 6 in the gestalt of operation) for carrying out adjustable [ of the phase of 
the inhalation-of-air cam shaft 1 to the angle of rotation of a crankshaft 9 ] When the 1 st equipment is in a fast 
mode condition, it shall have a cam phase tooth-lead-angle limit means (the stopper pin 45 and the radii slot 46 
in the gestalt of operation) for restricting the amount of phase tooth lead angles of an inhalation-of-air cam 
shaft. 

[0007] According to this, the tooth-lead-angle include angle of a cam shaft can be restricted to the range in 
which a valve does not interfere in the piston of a top dead center at the time of the fast mode which drives a 
valve by the large lift cam. 
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[0008] Both the 1 st equipment which switches the relation of two or more cams and a valve especially, and the 
2nd equipment which can carry out adjustable [ of the phase of a cam shaft ] are made into what operates with 
oil pressure. And while having the annular room (crevice 34 of the sector in the gestalt of operation) divided 
into the tooth-lead-angle room 36 and the lag room 37 with the vane member 35 in the actuator of the 2nd 
equipment If it is made what has a stopper means (the stopper pin 45 and the radii slot 46 in the gestalt of 
operation) for restricting mechanically the movement magnitude by the side of the tooth-lead-angle room of a 
vane member when the 1 st equipment is in a fast mode condition, it can constitute so that all moving part may 
drive with lubrication oil pressure. 

[0009] Moreover, if the thing which has the member (stopper pin 45 in the gestalt of operation) which operates 
a stopper means with the oil pressure which operates the 1 st equipment to a fast mode side, and common oil 
pressure, then the 1 st equipment will be in a fast mode condition, it can constitute so that a cam phase tooth lead 
angle may surely be restricted. 
[0010] 

[Embodiment of the Invention] This invention is explained to a detail with reference to the drawing of 
attachment in the following. 

[001 1] Drawing 1 shows the serial 4-cylinder DOHC mold engine with which this invention was applied. Two 
inlet valves 2 driven by the inhalation-of-air cam shaft 1 and two exhaust valves 4 driven by the exhaust air cam 
shaft 3 are formed in the cylinder head of this engine E about each of four gas columns. Between the exhaust air 
cam shaft 3 and the exhaust valve 4, the 1 st valve-action property adjustable equipment 5 for changing the valve 
lift and open angle of each valve 2-4 in two steps according to rotational speed is formed between the 
inhalation-of-air cam shaft 1 and the inlet valve 2 at the list, respectively. Moreover, the closing motion stage of 
an inlet valve 2 is prepared in a tooth lead angle or the 2nd valve-action property adjustable equipment 6 for 
carrying out a lag by the axis end of the inhalation-of-air cam shaft 1 at the stepless story. 
[0012] Interlocking connection of the exhaust air cam shaft 3 is carried out through a chain / sprocket 
mechanism 10 at these inhalation-of-air cam-shaft 1 lists to the crankshaft 9 to which four pistons 8 were 
connected through the connecting rod 7, and a rotation drive is carried out with one half of the rotational speed 
of a crankshaft 9. 

[0013] Next, the 1st valve-action property adjustable equipment 5 is explained to drawing 2 R>2 list with 
reference to drawing 3 . In addition, since the thing by the side of an inlet valve and the thing by the side of an 
exhaust valve are the same structures substantially, only the thing by the side of an inlet valve is explained 
below. 

[0014] As shown in drawing 2 , one high-speed large cam 12 is really relatively formed in the inhalation-of-air 
cam shaft 1 for the actuation angle and the amount of lifts by which the actuation angle and the amount of lifts 
were relatively inserted into small two low-speed cam 1 la and 1 lb, and such low-speed cam 11a and 1 lb. And 
on the rocker shaft 13 parallel to a cam shaft, three rocker arm 14a, 15, and 14b adjoin mutually the lower part 
of the inhalation-of-air cam shaft 1 , and is supported pivotably free [ rocking ] and possible [ relative angular 
displacement ]. The rocking drive of these rocker arm 14a, 15, and the 14b is carried out by cam 11a, 12, and 
lib which corresponds, respectively. 

[0015] As for low-speed rocker arm 14a and 14b driven by low- speed cam 11a and lib, the stem edge of two 
inlet valves 2 by which spring energization was always carried out in the direction of clausilium at nothing and 
each of its free end has contacted the same configuration fundamentally. Moreover, the slide contact condition 
with the high-speed cam 12 is always maintained by spring means by which the high-speed rocker arm 15 
driven by the high-speed cam 12 is not illustrated. 

[0016] In order to switch them, the condition which can carry out relative angular displacement, i.e., a slow 
mode, and the condition which may be rocked in one, i.e., fast mode, the connection change-over device 
explained in full detail below is prepared in the three interior of rocker arm 14a, 15, and 14b which adjoins 
mutually. 

[0017] The 1st guide hole 16 of the owner bottom which carries out opening to a high-speed central rocker arm 
side at low- speed rocker arm 14a of the left-hand side in drawing 2 was formed in the axis of a rocker shaft 13, 
and parallel, and the 1st change-over pin 17 has lapped into it. The 2nd change-over pin 19 in the condition of 
the 1st guide hole 16 and the 2nd guide hole 18 which makes this alignment penetrating, and it being formed in 
the static position where the base circular parts of the high-speed cam 12 **** to the CAMS rip saw, and 
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having made the end contacting into it at the 1st change-over pin 17 has lapped over the high-speed rocker arm 
15. The stopper pin 21 in the same condition as left-hand side low-speed rocker arm 14a of the 3rd guide hole 

20 of an owner bottom being formed substantially, and having made the end contacting into it at the other end 
of the 2nd change-over pin 19 has lapped over low-speed rocker arm 14b of the right-hand side in drawing 2 . 
The stopper pin 21 is always from-cartridge-energized by the compression coil spring 22 at the high-speed 
rocker arm 1 5 side. 

[0018] In the rocker shaft 13, oil supply path of two 23a and 23b for supplying the lubricating oil pumped up 
from the oil pan mechanism are formed. On the other hand, 23a is open for free passage at the pars basilaris 
ossis occipitalis of the 1st guide hole 16, and another side 23b is open for free passage to the slide contact side 
of each cam 11a, 12 and lib, and the CAMS rip saw and the path (not shown) which supplies a lubricating oil 
to a cam journal of these between a rocker shaft 13, and each rocker arm 14a, 15 and 14b. 
[0019] The above-mentioned connection change-over device operates by making intermittent the oil pressure 
which closing motion control is carried out [ oil pressure ] according to operational status, and makes the 
electromagnetic change-over valve which operates by the signal of the electronic control unit mentioned later 
act on the 1st change-over pin 17 in the 1st guide hole 16 from one oil supply path 23a. 

[0020] In a slow mode, if it sets without making oil pressure act on the 1st change-over pin 17, each pin 17-19- 

21 will serve as a location adjusted in each guide hole 16-18-20, respectively by the resiliency of a compression 
coil spring 22 (refer to drawing 2 ). In this condition, relative angular displacement is mutually possible for each 
rocker arm 14a, 15, and 14b. Therefore, the high-speed rocker arm 15 driven by the high-speed cam 12 does not 
affect other rocker arm 14a and 14b at all, but the valve-opening drive of the two inlet valves 2 is carried out at 
coincidence through low-speed rocker arm 14a and 14b in which a rocking drive is carried out by the profile of 
low-speed cam 11a and lib. 

[0021] At the time of fast mode, if oil pressure is made to act on the 1st change-over pin 17, the 2nd change- 
over pin 19 and a stopper pin 21 will resist the resiliency of a compression coil spring 22, and it will be put 
back. Thereby, each pin 17-19-21 will be in the condition of having straddled between rocker arm 14a, 15, and 
14b which adjoin each other mutually (refer to drawing 3 ). Therefore, three rocker arm 14a, 15, and 14b are 
connected, it becomes rockable in one, and the valve-opening drive of the two inlet valves 2 is carried out by 
the profile of the central high-speed cam 12 at coincidence. 

[0022] Next, the 2nd valve-action property adjustable equipment 6 formed in the axis end of the inhalation-of- 
air cam shaft 1 is explained with reference to drawing 4 and drawing 5 . 

[0023] The 2nd valve-action property adjustable equipment 6 consists of the cam sprocket around which a 
timing chain is wound almost, an outer rotor 25 which makes one, and an inner rotor 28 combined with the 
inhalation-of-air cam shaft 1 in one with the pin 26 and the bolt 27. 

[0024] An outer rotor 25 consists of the cam sprocket section 29 by which it was formed in the outline cup 
form, and the sprocket gear tooth 24 was formed in the peripheral face, an outer plate 30 put on the shaft- 
orientations end face by the side of the opening, and housing 3 1 received inside the cam sprocket section 29, 
and each other is combined in one with two or more bolts 32 which penetrate these, and the inner rotor 28 
which the axis end of the inhalation-of-air cam shaft 1 fits into the support hole 33 formed in the core of the 
bottom wall of the cam sprocket section 29 in same axle, and makes the inhalation-of-air cam shaft 1 and one to 
the space in housing 31— relativity — it is received pivotable. 

[0025] Inside [ which makes annular in general ] housing 31, four crevices 34 of the sector of the inhalation-of- 
air cam shaft 1 and this alignment are formed, and it projects in a radial from the periphery of the inner rotor 28 
— it is received in each crevice 34 so that four sheets may be described and - N 35 may rotate within the limits 
of an include angle A (for example, 30 degrees). Thereby, the tooth-lead-angle room 36 is divided between one 
field of each **-N 35, and each crevice 34, and the lag room 37 is divided between the field of another side of 
each **-N 35, and a crevice 34, respectively. 

[0026] The seal member 38 which ****s to the corresponding inner skin of a crevice 34 is formed at the tip of 
each **-N 35, respectively. Moreover, four seal members 39 which **** to the peripheral face of the inner 
rotor 28 are formed in the inner skin of housing 3 1 . 

[0027] The tooth-lead-angle oilway 40 and the lag oil way 41 are formed in the interior of the inhalation-of-air 
cam shaft 1 . The tooth-lead-angle oilway 40 is open for free passage in four tooth-lead-angle rooms 36 through 
four oilways 42 which penetrate the inner rotor 28 to radial, respectively, and the lag oilway 41 is opening it for 
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free passage in four lag rooms 37 through four oilways 43 which penetrate the inner rotor 28 to radial, 
respectively. 

[0028] The pin hole 44 penetrated to shaft orientations is formed in 1 35a of the four vanes 35, and the stopper 
pin 45 which has a diameter expansion head has lapped over this pin hole 44. While the inrush [ tip / the ] of a 
stopper pin 45 is attained into the slot 45 of the shape of radii formed in the bottom wall inside of the cam 
sprocket section 29 It is always from-cartridge-energized by the sense which engrosses the whole in the sense 
which slips out of the tip from the radii slot 46, i.e., the inside of vane 35a, with the spring 47 with which it was 
equipped between the step formed in the bottom wall side of the cam sprocket section 29 of the pin hole 44, and 
the own head. 

[0029] It is determined that the inlet valve 2 opened to the piston 8 of a top dead center does not interfere in it 
even if the include-angle range of the radii slot 46 (B of drawing 5 ) carries out the tooth lead angle of the 
inhalation-of-air cam shaft 1 to max, when an inlet valve 2 is opened by the high-speed cam 12 of a large lift 
(for example, 20 degrees). 

[0030] The oilway 48 for making the oil pressure which extrudes a stopper pin 45 act on the inner rotor 28 is 
formed so that it may be open for free passage in the pin hole 44 from the inner skin of the head acceptance hole 
49 of a bolt 27. And it applies to the shank and head of a bolt 27 from the core of the inhalation-of-air cam shaft 
1, and the oilway 50 is formed so that it may be open for free passage to this oilway 48. 
[0031] The drive oil pressure of a vane 35 is supplied to the tooth-lead-angle oilway 40 and the lag oilway 41 
through the oilway 53-54 installed inside by the cam holder 51 and bearing cap 52 which support the inhalation- 
of-air cam shaft 1. Moreover, the drive oil pressure of a stopper pin 45 is supplied through the oilway 57 
installed inside by the cam holder 55 and a bearing cap 56 different from the above, and the oilway 58 prepared 
in the core of the inhalation-of-air cam shaft 1 . 

[0032] Next, the hydraulic circuit of the lst-2nd valve-action property adjustable equipment 5-6 is explained 
with reference to drawing 6 . 

[0033] The oil which the oil pump pumped up from the oil pan mechanism is breathed out by the upper section 
62 of the oilway installed inside by the cylinder head 61 as the lubricating oil of a moving valve mechanism, 
and hydraulic oil of the lst-2nd valve-action property adjustable equipment 5-6. From the upper section 62 of 
this oilway, the oilway 63 which supplies oil pressure to the 1st valve-action property adjustable equipment 5, 
and the oilway 64 which supplies oil pressure to the 2nd valve-action property adjustable equipment 6 have 
branched. In addition, these hydraulic-pressure-supply oilways are formed by ** omission or drilling in the 
thickness of the cylinder head 61 like the lubricating oil supply oilway to a cam shaft or a rocker shaft. 
[0034] The 1 st hydraulic control valve 65 for being intermittent according to engine operational status in supply 
of the actuation oil pressure to oil supply path 23b in a rocker shaft 1 3 is formed in the pars intermedia of the 
hydraulic-pressure-supply oilway 63 to the 1st valve-action property adjustable equipment 5. Moreover, the 2nd 
hydraulic control valve 66 for controlling a direction and a flow rate continuously is formed in the pars 
intermedia of the hydraulic-pressure-supply oilway 64 to the 2nd valve-action property adjustable equipment 6. 
[0035] The 2nd hydraulic control valve 66 is equipped with the duty solenoid 70 fixed to the sleeve 68 in order 
to drive the sleeve 68 of the shape of a cylinder laid under the cylinder hole 67 prepared in the cylinder head 61 , 
the ** spool 69 lapped in a sleeve 68, and spool 69, as shown in drawing 7 , and the spring 71 which always 
from-cartridge-energizes spool 69 towards the duty solenoid 70. 

[0036] To the sleeve 68, the lag port 74 and the drain port 75-76 of the pair located in both sides at these pans 
are formed at central input port 72 and the tooth-lead-angle port 73 list located in the both sides. On the other 
hand, the central groove 77, the land 78-79 of the pair located in the both sides, and the groove 80-81 of the pair 
further located in these both sides are formed in the ** spool 69 lapped over a sleeve 68. 
[0037] Input port 72 is connected to the upper section 62 of an oilway through an oil filter 82, the tooth-lead- 
angle port 73 is connected to the tooth-lead-angle room 36 of the 2nd valve-action property adjustable 
equipment 6, and the lag port 74 is connected to the lag room 37 of the 2nd valve-action property adjustable 
equipment 6. 

[0038] Actuation of these lst-2nd hydraulic control valves 65-66 The phasing signal of the inhalation-of-air 
cam shaft 1 from the cam phase sensor 83, the top dead center signal of a piston 8 based on the phase of the 
exhaust air cam shaft 3 from the TDC sensor 84, The phasing signal of the crankshaft 9 from the crank phase 
sensor 85, the inhalation-of-air negative pressure signal from the inhalation-of-air negative pressure sensor 86, 
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The **** water temperature signal from the cooling coolant temperature sensor 87, the throttle opening signal 
from the throttle opening sensor 88, and the engine rotation speed signal from the engine-speed sensor 89 are 
controlled by electronic control unit U inputted, respectively according to an individual, respectively. 
[0039] Next, the calculation routine of the target cam phase of the 2nd valve-action property adjustable 
equipment 6 is explained to a detail with reference to drawing 8 - drawing 10 . 

[0040] First, when it distinguishes whether Engine E is in starting mode (step 1) and it is distinguished that it is 
in starting mode here An after [ starting ] cam phase control prohibition timer (for example, 5 seconds) is set 
(step 2). Subsequently, the delay timer for the 2nd valve-action property adjustable equipment actuation (for 
example, 0.5 seconds) is set (step 3). Subsequently, cam phase desired value is set as "0" (step 4), and the cam 
phase control authorization flag which shows whether actuation of the 2nd valve-action property adjustable 
equipment 6 is subsequently permitted is set to "0" (under prohibition of actuation) (step 5). 
[0041] On the other hand, if deadline of an after [ starting ] cam phase adjustable control prohibition timer is 
distinguished at step 6 after Engine E having started, having escaped from starting mode, and having become a 
basic mode is distinguished at step 1 Next, when it distinguished (step 7), and was not failure here and is 
distinguished, whether the 2nd valve-action property adjustable equipment 6 is breaking down Next, if the 
existence of other failure generating is distinguished (step 8) and failure generating is not distinguished here 
Next, when it distinguishes whether Engine E is in idle operational status (step 9) and it is distinguished that 
there is nothing to idle operational status here When it distinguishes whether cooling water temperature is in 
predetermined within the limits (for example, 0 degree C - 1 10 degrees C) (step 10) and it is distinguished that 
it is in predetermined within the limits here It distinguishes whether an engine speed is under a predetermined 
value (for example, 1500rpm) (step 11), and if it is beyond a predetermined value here, it will shift to step 12 in 
order to operate the 2nd valve-action property adjustable equipment. 

[0042] When deadline of an after [ starting ] cam phase adjustable control prohibition timer is not distinguished 
at step 6, When failure of the 2nd valve-action property adjustable equipment 6 is distinguished at step 7 and 
other failure generating is distinguished at step 8, When it is distinguished at step 9 that Engine E is in idle 
operational status, When it is distinguished at step 10 that cooling water temperature has separated from the 
predetermined range, and when it is distinguished at step 1 1 that an engine speed is under a predetermined 
value, it shifts to steps 3-5, respectively, and actuation of the 2nd valve-action property adjustable equipment 6 
is forbidden. 

[0043] Now, at step 12, when map retrieval of the cam phase desired value corresponding to a slow mode is 
carried out when it distinguishes whether the operating state of the 1 st valve-action property adjustable 
equipment 5 is in fast mode and it is distinguished that there is nothing to fast mode here, that is, it is in a slow 
mode (step 1 3), and this thing [ that it is in fast mode on the contrary ] is distinguished, map retrieval of the cam 
phase desired value corresponding to fast mode is carried out (step 14). And the search values from a map are 
set up as this cam phase desired value (step 1 5). 

[0044] Next, when it distinguishes whether the operating state of the 1 st valve-action property adjustable 
equipment 5 is in fast mode again (step 16) and it is distinguished that it is in fast mode here it was 
distinguished, when it distinguished whether the cam phase desired value set up at step 1 5 would exceed a 
predetermined limit value (it is 20 degrees at the angle of rotation of the inhalation-of-air cam shaft 1) (step 17) 
and desired value exceeded the limit value here — coming — a limit value is transposed to desired value (step 
1 8). Also electrically, it has prevented that carry out a tooth lead angle too much at the time of the fast mode to 
which the amount of lifts of a valve increases, and an inlet valve 2 interferes in the piston 8 of a top dead center 
by this processing. 

[0045] Next, the absolute value and cam phase control input limit value of deflection which subtracted the last 
desired value from this cam phase desired value calculated as mentioned above (It is 2 times at an equivalent for 
a crank angle) When it compares (step 19), consequently a "this time value-last time value < limit value" is 
materialized (i.e., when the absolute value of deflection is comparatively small) Let desired value acquired at 
step 15 or step 18 be this cam phase desired value (step 20). 

[0046] On the contrary, when [ this ] the absolute value of deflection is comparatively large, the sign of 
deflection is distinguished at step 21. Consequently, when distinguished from "deflection >0", i.e., a positive 
value, let the value which added the cam phase control input limit value to the last cam phase desired value be 
this cam phase desired value in order to carry out the tooth lead angle of the cam phase gradually (step 22). 
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Conversely, "deflection >0" is not materialized at step 21, that is, when [ this ] distinguished from a negative 
value, let the value which subtracted the cam phase control input limit value from the last cam phase desired 
value be this cam phase desired value in order to carry out the lag of the cam phase gradually (step 23). 
[0047] When the deflection of this cam phase desired value and the last cam phase desired value exceeds a cam 
phase control input limit value by steps 1 9-23 While preventing the overshoot at the time of the feedback 
control by the abrupt change of a cam phase by changing gradually, without changing cam phase desired value 
at a stretch For example, when an engine speed goes up momentarily and returns immediately at the time of a 
shift change etc., it can prevent that a cam phase change is made unnecessarily. 
[0048] Next, this cam phase desired value is amended by carrying out the multiplication of the water 
temperature correction factor (step 24). As shown in drawing 1 1 , cooling water temperature is set as "1" above 
a predetermined value, and the water temperature correction factor is set up here so that cooling water 
temperature may decrease linearly from 1 under with a predetermined value. 

[0049] Next, the control implementation cam phase value (it is 3 times or 5 times at an equivalent for a crank 
angle) from the maximum lag location is compared with this cam phase desired value, and it distinguishes 
whether this cam phase desired value is under a control implementation cam phase value (step 25). When [, 
such as at for example, the time of the low load driving immediately after an idle discharge condition etc., ] this 
[ here ] cam phase desired value is under a control implementation cam phase value (i.e., when the controlled 
variable from the maximum lag location is the minimum cam phase value), in the time of not considering as the 
time of changing a cam phase, since there is no great difference, it shifts to steps 3-5, and actuation of the 2nd 
valve-action property adjustable equipment is forbidden. 

[0050] When this cam phase desired value of this time in step 25 on the contrary is distinguished beyond from a 
control implementation cam phase value After waiting for the delay timer for the 2nd valve-action property 
adjustable equipment actuation to pass the deadline of in order to prevent hunting at the time of a change-over 
of starting mode and a basic mode at step 26 A valve-action property adjustable device control authorization 
flag is set to "1" at the following step 27, and actuation of the 2nd valve-action property adjustable equipment is 
permitted. 

[005 1 ] Based on the cam phase desired value determined as mentioned above, the shaft-orientations location of 
the ** spool 69 which laps the current to the duty solenoid 70 of the 2nd hydraulic control valve 66 over a 
sleeve 68 by carrying out duty ratio control can be changed to a stepless story. It explains below still more 
concretely about the actuation point of the 2nd valve-action property adjustable equipment 6. 
[0052] Since oil pressure is not supplied to the tooth-lead-angle room 36 at the time of a halt of Engine E, the 
inner rotor 28 (inhalation-of-air cam shaft 1) is in the maximum lag condition rotated counterclockwise to the 
outer rotor 25 (cam sprocket section 29). At this time, the 2nd valve-action property adjustable equipment 6 is 
in the condition of drawing 5 that the lag room 37 became the maximum volume and the tooth-lead- angle room 
36 became the minimum volume (zero). 

[0053] If an oil pump operates by starting of Engine E, oil pressure will be transmitted to the tooth-lead-angle 
room 36 through the 2nd hydraulic control valve 66. If the duty ratio of the duty solenoid 70 is made to increase 
from this condition suitably, in drawing 7 , spool 69 resists the spring force of a spring 71, and it moves on the 
left of a center valve position, and while the input port 72 which stands in a row in an oil pump is open for free 
passage in the tooth-lead-angle port 73 through the central groove 77, the lag port 74 will be open for free 
passage in the drain port 76 through the right-hand side groove 8 1 . Consequently, in order that oil pressure may 
act on the tooth-lead-angle room 36 of the 2nd valve-action property adjustable equipment 6, **-N 35 is pushed 
with the oil pressure difference between the tooth-lead-angle room 36 and the lag room 37, and it receives cam 
sprocket section 29, and the inhalation-of-air cam shaft 1 rotates clockwise, and the phase of low-speed cam 
1 la, 1 lb, and the high-speed cam 12 carries out a tooth lead angle in one. Thereby, both the valve-opening 
stages and clausilium stages of an inlet valve 2 change to the advancing side. 

[0054] And when a target cam phase is obtained, the center valve position which sets up the duty ratio of the 
duty solenoid 70 to 50%, and shows the spool 69 of the 2nd hydraulic control valve 66 to drawing 7 is stopped. 
By blockading input port 72 between the lands 78.79 of a pair, and blockading the tooth-lead-angle port 73 and 
the lag port 74 on a land 78-79, respectively, the cam sprocket section 29 and the inhalation-of-air cam shaft 1 
can be unified, and a cam phase can be held uniformly. 

[0055] What is necessary is to decrease the duty ratio of the duty solenoid 70, to make spool 69 **** from a 
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center valve position, and just to make the drain port 75 **** the tooth-lead-angle port 73 through the left-hand 
side groove 80, in order to change continuously the cam phase of the inhalation-of-air cam shaft 1 to a lag side, 
while making the lag port 74 open for free passage the input port 72 which stands in a row in an oil pump 
through the central groove 77. And if the center valve position which sets up the duty ratio of the duty solenoid 
70 to 50%, and shows spool 69 to drawing 7 is stopped when a target phase is obtained, input port 72, the tooth- 
lead-angle port 73, and the lag port 74 are blockaded, respectively, and a cam phase can be held. 
[0056] On the other hand, if the 1st valve-action property adjustable equipment 5 operates at the time of fast 
mode, the oil pressure supplied for the actuation will be supplied also to the stopper pin 45 built into the 2nd 
valve-action property adjustable equipment 6. Thereby, the tip of a stopper pin 45 rushes in into the radii slot 
46, and the movable range of range glue-stock-N 35 of 20 degrees is restricted by the angle of rotation of the 
inhalation-of-air cam shaft 1 . 

[0057] Thus, by changing the phase between a crankshaft 9 and the inhalation-of-air cam shaft 1 with the 2nd 
valve-action property adjustable equipment 6 The closing motion timing of an inlet valve 2 is crossed to the 
range of 30 degrees of the angle of rotation of the inhalation-of-air cam shaft 1 (it is the range of 60 degrees by 
angle-of-rotation conversion of the crank shift 9) at the time of a slow mode, and it becomes possible a tooth 
lead angle and to carry out a lag at a stepless story. At the time of fast mode, as the dotted line showed, it 
becomes possible [ restricting a tooth lead angle and the range which carries out a lag to the range of 20 degrees 
(it being the range of 40 degrees by angle-of-rotation conversion of the crank shift 9) ] on a stepless story at 
drawing 13 . 

[0058] In addition, the device for restricting the angle of rotation of the inhalation-of-air cam shaft 1 at the time 
of fast mode incorporates a stopper pin movable not only in for example, the stopper pin 45 movable to the 
shaft orientations like the above but the direction of a path in vane 35a, and it may be made to prepare the 
engagement section with this tip in the inner skin of a crevice 34, it constitutes it so that a stopper pin may move 
with a centrifugal force, and when the rotational speed of the inhalation-of-air cam shaft 1 exceeds a 
predetermined value, the tooth-lead-angle range may be made to be regulated. 
[0059] 

[Effect of the Invention] Thus, according to this invention, since the tooth-lead-angle possible range of an 
inhalation-of-air cam shaft becomes small at the time of the fast mode by which the valve-opening drive of the 
inlet valve is carried out in the amount of large lifts, it is certainly avoidable at the piston of a top dead center 
that a valve interferes. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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